LEGIBILITY NOTIKCE

A major purpose of the Techni-
cal Information Center is to provide
the broadest dissemination possi-
ble of information contained in
DOE’s Research and Development
Reports to business, industry, the
academic community, and federal,
state and local governments.

Although a small portion of this
report is not reproducible, it is
being made available to expedite
the availability of information on the
research discussed herein.

1




Y

LA-UR -89-2915

Los Alamos National Laboratory 1s operated by the University of California for the United Siates Departmentof Energy under cortract W-7405-ENG-36

TTLe:  STABILITY REQUIREMENTS OF RF LINAC-DRIVEN FREE-ELECTRON LASERS

LA-UR--89-2915

DE89 016609

AUTHOR(S): W.FE Stein
J. W.Johnson
J F Power
J

T .J Russell

SUBEMITTEC 7O:  Eleventh !nternational I'ree Electron Laser Conference
Naples, Florida
August 28 September 1, 1989

DISCLAIMER

W othe Unned States
W then

Thy  epeort w s prepaced as a0 ocount b work wonsared heoan ageney

Nedber the Uone o Stites Govetament noe any agetos theteal oor ain

Crove nent
s e aeakes e w anty coapress ot nplied o esaies any leaa) bashiits v pespens
O ena nlopmation apparatus prosduct o

Keler

badie v the aconrae . completeness o asebalnes.

womre o iwiosed o renrese s that ot ase seould nor imtoge prosately coaned ripht.
e erer Lo speaitn onme ol pratoon prom e wvaer b trade nanar teademorh
e bty woatheraise ey not necessante constilte oot |m|l|\ s endosement  recom
wemdarer o Dearmg b the b omted States Guevernmment or i e thepead  The views
Gt i o dathors vapieased T b e T O I T RTAY I B ST R I T

I onied States Conernment o iy ageney theeend

Aacteptarca st thig et e the by b e e e rec At the Ly CovRrnmert S oty oy, rorer lgSive Coyalty frow cerso to puhlsbt arreproduie e

Jabe form 8 eyt gt et low ot o dac for Y Governme st urpoes

WA AT N b atary ceamty Phat Yhie o, e (feet ‘v oyt ey Ao pedhrmued nder the gasperces ol Che S Departmeer of | nerqy

il v

OS Al N;” Ol Lot e wator,
OGS ALmos Nevw Moo b 71

/

Vi .S I T:R N

MNO Hin g DISTRIBUTION (31 it e HIMENT 18 it IMITED
10 2629 % WY


About This Report
This official electronic version was created by scanning the best available paper or microfiche copy of the original report at a 300 dpi resolution.  Original color illustrations appear as black and white images.



For additional information or comments, contact: 



Library Without Walls Project 

Los Alamos National Laboratory Research Library

Los Alamos, NM 87544 

Phone: (505)667-4448 

E-mail: lwwp@lanl.gov


STABILITY REQUIREMENTS OF RF LINAC-DRIVEN FREE-ELECTRON
LASERS*

William E. STEIN, W. Joel D. JOHNSON, and John F. POWER
Los Alamos National Laboratory, Los Alamos, New Mexico 87545
Telephone (505) 667-1154, FAX (505) 665-2402

Thomas J. RUSSEL**

Boeing Physical Science Research Center
Telephone (206) 544-5506

Abstract

Fluctuationsin the output power and wavelength have been observed in two high-
power, RF-driven, free-electron lasers (FELs): (1) the 10-pm FEL that has operated
at the Los Alamos National Laboratory and (2) the visible FEL at the Boeing
Physical Sciences Research Center. The fluctuations have been traced primarily to
instabilities in the electron beam. Specifically, these are variationsin the electron
energy. the charge per micropulse, and the time interval between micropulses. The
effects of these instabilities on the performance of one of the FELs is demonstrated.
Efforts made to minimize these instabilities are discussed and the subsequent

improvements in the operation of each of the FELs are presented.

1. Introduction

The performance of free-electron lasers (FELs) depends on the properties of the
incident electron beam. For FELsdriven by an electron beam from an RF linear
accelerator, the stability of cach of the following is crucial: the clectron energy, the
charge per micropulse, ond the time interval between micropulses, This limitation

places severe stability requirements on the RF systems and the electron gun pulser.
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In particular, the fluctuations in the phase and amplitude of the RF must be less than
a small fraction of a degree and niuch less than a percent, respectively. Likewise, the
variations of the time between electron pulses and the charge per pulse must be less
than a picosecond and much less than a percent in amplitude. At the Los Alamos
National Laboratory, an infrared FEL has been operated for many years, and at the
Boeing Physical Science Research (BPSRC) a visible FEL is now operational.
Considerable effort has been made at both facilities to minimize the instabilities in
these parameters. The stability requirements for the shorter-wavelength BPSRC
experiment are particularly severe.

In this paper, we briefly describe the FELs at the two facilities, the stability
requirements that were thought to be necessary. We demonstrate the sensitivity of
lasing to these instabilities and describe diagnostic techriques used to measure time
fluctuations in the picosecond regime. We also discuss the success in improving the

performance of these lasers,

2. Accelerator descriptions

The Los Alamos accelerator shown in fig. 1 consists of an injector, subharmonic
buncher, a fundamental frequency buncher, two stand'ng-wave accelerating
structures, and two klystron RF systems. The injector contains o thermionic triode
gun and the required electronics vo produce a group of 2000 electron buneches at a
frequency of 21.67 MHz and an energy of 80 keV. Each individual bunch from the
gun has a duration of about 3 ns and is called o micropulse. The group of micropulses,
about 100 ps in duration, is repeated once a second in normul operation nnd is ealled o
macropulse. The micropulses are bunched in the hunchers and the first envitivs of the
nccelerator to provide electron pulses with a duration of nbout 40 ps and a peak

currentof about 106 A The subhormonie buncher operates ata frequeney of



108.33 MHz, which is the 12th subharmonic of the 1.3-GHz fundamental frequency.
These electron pulses are accelerated in two, tandem, side-coupled, standing-wave
linear accelerating structures to a nominal energy of 20 MeV, although operation
down to 10 MeV has been accomplished. Further bunching in the 60° bending
magnets provides electrcn pulses at the wiggler with a duration of about 10 ps and a
peak current of a few hundred amperes.

The BPSRC accelera.tor shown in fig. 2 is considerably larger and consists of an
injector with a thermionic gun, two subharmonic bunchers, a tapered-phase buncher,
and six traveling-wave accelerating structures each with a klystron RF system. In
this linac, the time interval between micropulses is about 260 ns and the inacropulse
is usually 110 us long. The electron pulses from the gun are about 2 ns in duration
and are subsequently bunched to about 10 ps in the subharmonic bunchers and the
tapered-phase section. These electron pulses are then accelerated to an energy of
110 MeV in the six accelerating structures. Typically, the electron charge is 3 nC per
micropulse.

A series of magnets bends the electron beam 180° into the optical caviy.

3. Electron-beam stability requirements and previous measuraments

Previously, estimates of the beam stability requirements [1] were made as

follows:
e Fnergy: Spread < 0.5% because of width of gain curve forn I m long
wiggler,
Varintion <7 0.1 to minimize output power fluctuantions,
e Current: 0.17 to minimize energy varintions due to beam loading.

e Temporal:  Micropulse duration of at least 1O ps to minimize slippage.
Interval jitter = (.5 ps:micropulse to provide optimum overlap of

the electron nnd optical micropulses.



Previous measurements [2] indicated that the fluctuations observed in the Los
Alamos FEL were caused primarily by noise in the electron-gun pulser and the
klystron amplifier chains. This reference states that the high-frequency noise is
eliminated by the filtering action of the accelerators, which have a filling time of 2 ps.
This is correct only for RF drive phase and amplitude fluctuations. Variationsin the
charge per micropulse from the gun can and do cause beam ioading fluctuations that
are not filtered by the response time of the accelerators. These fluctuations can occur
from one micropulse to another, i.e., at the micropulse rate. Recovery from these
rapid beam-loading variations can only occur at a slower rate dependent on the fill
time of the accelerators and the response time of the RF coutrol system. Therefore, it
is essential that the electron-gun pulser be stabilized on a time scale comparab’e to

the time interval between micropulses.

4. Diagnostic-

At Los Alamos, the slow and fast deflectors [3] have been useful in determining
the energy variation during the macropulse and the variation of the time incerval
between micropulses.

Another method has been usefu! in observing the micropulse time jitter in the
gun, bunchcr, and accelerators. The technique consists of adding a pu*tion of the
1.3-GHz fundamental frequency from the master oscillator to the micropulse signal
from an electron-beam current monitor.* With the amplitude of the RF properly
adjusted, dots appear un the micropulse signal for each RF cyele. By adjusting the RF
phase, one or more dots can be made to occur on the rise of the micropulse signal. A
time calibration is obtained from the RF period or from a phase shifter in the RF

* Pwo TA290mplifier<an o Tekteons Mod J1od osetlloseose operated i the add mode provides an
Adeduate system



signal cable. This technique is most applicable for micropulses that are uniform in
amplitude during the useful portion of the macropulse.

This technique is illustrated in fig. 3 where the time variation between
micropulses and the time slew during a macropulse is displayed for the Los Alamos
thermionic gun. From these data, the time slew is estimated to be 69 ps in the last
80 ps of the macropulse, and the time jitter between micropulses is about 38 ps.

The time variation of the micropulses decreases as the electron bunches traverse
the subharmonic buncher, fundamental buncher, and the first accelerator. In the Los

Alamos accelerator, the time jitter and slew are reduced by a factor of about 25.

5. Sensitivity of lasing to RF instabilities

Although considerable effort has been expended to stabilize the RF fields in the
accelerating structures, occasionally a transient change in the phase or amplitude
occurs with a deleterious effect on the lasing. Fig. 4 gives an example of such effects
in the Los Alamos FEL. In one case (fig. 4a), two noise pulses appeared on the RF
phase in the first accelerator. One of the pulses with a 0.5° change in phase caused
the lasing power to change about 20% and ancther of 1.3° changed the laser power
40%. In the second case (fig. 4b), the RF power in the second accelerator decreased
2.4% half-way through the macropulse causing a 1 2% change in the RF fields in the
second accelerating structure and a 0.6% decrease in the overall electron energy from
both accelerators. This almost turned ofT the lasing and resulted in at least a 70%
decrease in the lasing power.

These rasults are consistent with the stability requirements given in Section 3 for

laser power stability of a few percent.



6. Modification to the linac at BPSRC

Considerable efforts were made to improve the performance of the BPSRC linac.
These efforts included stabilizing the amplitude of the gun pulses, controlling the
phase and amplitude of the fields in both subharmonic bunchers, and, in addition,
working on the stability of the RF systems driving each of the accelerators.

Feedback was installed on the gun pulser to provide constant amplitude of the
micropulses during the macropulse. Before stabilization, the micropulse amplitude
decreased about 10% during the last 80% of the macropulse. After the stabilization,
the pulse height decrease was less than 19 over the same part of the macropulse as
sho 'nin fig. 5.

Feedback systems were installed on each of the subharmonic bunchers to control
the phase and amplitude of the cavity fields. RF signals, proportional to the cavity
fields, were obtained from coupling locps installed in each of the buncher cavities.
These signals were compared to a master oscillator signal in a feedback circuit that
provides proportional and integral control of the RF amplifiers. The controllers
reduced the amplitude variations from about 10% to less than 1% and the phase
instabilities of about 8° to less than 0.7°,

Further stabilization of the klystron RF systems was also accomplished. Each
system contains a pulse forming network (PFN) that initially provided a 250-ps pulse
with a 1-psrise time. The PFN was modified to give a 10-ps rise time, thereby
reducing the variations and ringing of the high-voltage pulse. With additional
tuning of the PFN, the pulse on the klystron is now flat to about 0.5%. The feedback
system has been redesigned to include both integral and proportional control as well
as higher closed-loop gain with a smaller bandwidth. Improvement in the phase

stability is shown in fig. 6 where the vertical scale is 1" perdivision, Fig. 7 shows the



RF amplitude stability after the improvements, where the vertical scale is 2.8% per
division. In each case, the horizountal scale is 20 ps.

With these improvements to the gun pulser and the RF systems as well as
repositioning a magnet in the beam line from the last accelerator to the wiggler, the
performance of the laser has improved considerably. The iaser energy per micropulse

has increased from about 1 pJ to about 50 uJ.
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Figure Captions

1. Configuration ofthe LANL FEL.

2. Arrangement of the BPSRC FEL.

3. Timeslew and jitter of the LANL electron gun pulses. The upper left picture
shows the time slew for the complete macropulse with 20 ps/horizontal division.
The vertical scale is about 250 ps per division. The upper right picture shows
the time jitter in the middle of the macropulse with | ps/horizontal division and
the same vertical scale. The lowcr picture shows the individual micropulses
with the dotson the leading edge caused by the 1.3-GHz signal as described in
the text. The horizontal scale is 20 ns/division and the same vertical scaie.

4. Sensitivity of lasing to variations in RF phase and amolitude in the Los Alamos

FEL.
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a) The top and bottom traces or the left picture show the phase of the first and
second accelerators, respectively. Two instabilities occurred in the top trace.
The first was about 0.5° and the second was about 1.3°. These fluctuations
coused 20% and 40% changes in the laser power as shown in the picture on the
right.

b) The bottom left picture shows a decrease in RF power in the second
accelerator of 2.4% resulting in a 1.2% d=crease in the RF fields in that
accelerating structure and a 0.6% change in the electron energy. The effect on
tie lasing power is shown in the picture on the right. The horizontal scale is

20 ps/division.

BPSRC thermionic gun macropulse after amplitude control. The vertical scale
is 1.25 nC per division and the horizontal scale is 20 ps per division.

Phase of the klystron RF during a macropulse after stabilization of the klystron
voltage and installation of feedback control on the RF. The vertical scale is 1°
per division and the horizontal scale is 20 ps per division.

Amplitude of the klystron RF during a macropulse after stabilization of voltage
and installation of feedback control or. the RF. Tbe vertical scale is about 2.8%

perdivision and the horizontal scale is 20 ps per division.
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Fig. 5
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Fig. 7
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